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(57) ABSTRACT

According to one embodiment, a semiconductor memory
device includes a semiconductor substrate, a first insulating
film provided on the semiconductor substrate, a silicon film
provided on the first insulating film, a metal silicide film
provided on the silicon film, a second insulating film provided
on the metal silicide film, and an electrode provided on the
second insulating film.
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1
SEMICONDUCTOR MEMORY DEVICE AND
METHOD FOR MANUFACTURING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from U.S. Provisional Patent Application 61/869,
210, filed on Aug. 23, 2013; the entire contents of which are
incorporated herein by reference.

FIELD

Embodiments described herein relate generally to a semi-
conductor memory device and a method for manufacturing
the same.

BACKGROUND

Conventionally, as a nonvolatile memory device, a NAND
flash memory has been developed. The NAND flash memory
is a device for storing data by injecting charge into a floating
gate electrode made of silicon to change the threshold of a
field effect transistor including this floating gate electrode. In
such a memory device, increasing the memory density
requires shrink of the structure. However, shrink of the struc-
ture causes the problem of degraded retention characteristics
for charge injected into the floating gate electrode.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a sectional view parallel to a CG-direction illus-
trating a semiconductor memory device according to a first
embodiment;

FIG. 2 is a sectional view parallel to an AA-direction illus-
trating the semiconductor memory device according to the
first embodiment;

FIGS. 3A and 3B are sectional views illustrating a metal
silicide film of the first embodiment;

FIGS. 4 and 5 are process sectional views illustrating a
method for manufacturing the semiconductor memory device
according to the first embodiment;

FIGS. 6 A to 6D areband gap diagrams illustrating an effect
of the first embodiment;

FIG. 7 is a sectional view illustrating a semiconductor
memory device according to a second embodiment;

FIG. 8 is a sectional view illustrating a semiconductor
memory device according to a third embodiment;

FIG. 9 is a sectional view parallel to the CG-direction
illustrating a semiconductor memory device according to a
forth embodiment; and

FIG. 10 is a sectional view parallel to the AA-direction
illustrating the semiconductor memory device according to
the forth embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a semiconductor
memory device includes a semiconductor substrate, a first
insulating film provided on the semiconductor substrate, a
silicon film provided on the first insulating film, a metal
silicide film provided on the silicon film, a second insulating
film provided on the metal silicide film, and an electrode
provided on the second insulating film.

In general, according to one embodiment, method for
manufacturing a semiconductor memory device includes
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forming a first insulating film, a silicon film, a metal silicide
film, and a second insulating film in this order on a semicon-
ductor substrate. The method includes forming a plurality of
first stacked bodies shaped like lines extending in a first
direction and forming a trench extending in the first direction
in an upper part of the semiconductor substrate by selectively
removing the second insulating film, the metal silicide film,
the silicon film, and the first insulating film. The method
includes forming a device isolation insulator by embedding
an oxygen-containing insulating material in the trench and
between the first stacked bodies. The method includes form-
ing an electrode on the second insulating film. The method
includes forming a plurality of second stacked bodies shaped
like lines extending in a second direction crossing the first
direction by selectively removing the electrode, the second
insulating film, the metal silicide film, the silicon film, the
first insulating film, and the device isolation insulator. And,
the method includes embedding an interlayer insulating film
made of an oxygen-containing insulating material between
the second stacked bodies.

Embodiments of the invention will now be described with
reference to the drawings.

First Embodiment

First, a first embodiment is described.

FIG. 1 is a sectional view parallel to the CG-direction
illustrating a semiconductor memory device according to the
embodiment.

FIG. 2 is a sectional view parallel to the AA-direction
illustrating the semiconductor memory device according to
the embodiment.

FIGS. 3A and 3B are sectional views illustrating a metal
silicide film of the embodiment.

The semiconductor memory device according to the
embodiment is a NAND flash memory.

As shown in FIGS. 1 and 2, the semiconductor memory
device 1 according to the embodiment includes a silicon
substrate 10. In the upper surface 10a of the silicon substrate
10, a plurality of trenches 11 extending in one direction (here-
inafter referred to as “AA-direction”) parallel to the upper
surface 10a are formed.

On the silicon substrate 10, gate stacked bodies 20 are
arranged intermittently along the AA-direction. The gate
stacked body 20 extends in a direction (hereinafter referred to
as “CG-direction”) crossing, e.g. being orthogonal to, the
AA-direction. Between and above the gate stacked bodies 20,
an interlayer insulating film 30 is provided. The interlayer
insulating film 30 is formed form an oxygen-containing insu-
lating material such as silicon oxide (SiO,).

In the lower part of the gate stacked body 20, device iso-
lation insulators 12 and lower stacked bodies 13 are arranged
alternately along the CG-direction. The device isolation insu-
lator 12 is made of silicon oxide. The lower part of the device
isolation insulator 12 is embedded in the trench 11. The upper
part of the device isolation insulator 12 is projected upward
from the upper surface 10a of the silicon substrate 10. The
portion of the upper part of the silicon substrate 10 partitioned
by the device isolation insulator 12 constitutes an active area
15 extending in the AA-direction.

The lower stacked body 13 is shaped like a pillar extending
in the vertical direction. In the semiconductor memory device
1 viewed as a whole, the lower stacked bodies 13 are divided
along both the AA-direction and the CG-direction and
arranged in a matrix. On the other hand, the upper part of the
gate stacked body 20 constitutes an upper stacked body 14
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extending in the CG-direction. The upper stacked body 14 is
shaped like a line extending in the CG-direction.

In the lower stacked body 13, sequentially from the lower
side, a tunnel insulating film 16, a silicon film 17, a metal
silicide film 18, and a hafhium oxide film 19 are stacked. The
tunnel insulating film 16 is normally insulative. However,
upon application of a prescribed voltage within the range of
the driving voltage of the semiconductor memory device 1,
the tunnel insulating film 16 passes a tunnel current. For
instance, the tunnel insulating film 16 is formed from silicon
oxide. The silicon film 17 is formed from silicon (Si). The
metal silicide film 18 is formed from metal silicide such as
tungsten silicide (WSi) or tantalum silicide (TaSi). The sili-
con film 17 and the metal silicide film 18 form a floating gate
electrode. The hafnium oxide film 19 is formed from hafhium
oxide (HfO,).

In the upper stacked body 14, sequentially from the lower
side, a silicon oxide film 21, a hafnium oxide film 22, and a
control gate electrode 23 are stacked. The silicon oxide film
21 is formed from silicon oxide (SiO,). The hafnium oxide
film 22 is formed from hafnium oxide (HfO,). The hafhium
oxide film 19, the silicon oxide film 21, and the hafnium oxide
film 22 form an IPD (inter-poly dielectric) film having a
three-layer structure. The control gate electrode 23 is formed
from e.g. tungsten (W).

The IPD film is not limited to the aforementioned three-
layer film of HfO,/SiO,/HfO, but, for instance, may be a
monolayer film, or may contain other insulating materials
such as aluminum oxide (Al,0;). However, from the view-
point of charge retention characteristics of the floating gate
electrode, it is preferable that the permittivity of the IPD film
be higher.

As shown in FIGS. 3A and 3B, the metal silicide film 18 is
shaped like a generally rectangular solid. The side part and the
upper part thereof are oxidized into an oxidized portion 18a.
The oxidized portion 18a is formed by selective oxidation of
silicon in the metal silicide film 18, and composed primarily
of silicon oxide. More specifically, in the metal silicide film
18, the oxidized portion 18¢ made of silicon oxide is shaped
like an inverted cup. A metal silicide portion 185 made of
metal silicide is located inside the oxidized portion 18a. In an
example, the length in the AA-direction of the metal silicide
film 18 is 15 nm (nanometers), the length in the CG-direction
is 15 nm, and the length in the vertical direction, i.e. film
thickness, is 5-10 nm. The thickness of the oxidized portion
18a is approximately 2 nm. Furthermore, the side part of the
silicon film 17 is also oxidized into an oxidized portion 17a.

Next, a method for manufacturing a semiconductor
memory device according to the embodiment is described.

FIGS. 4 and 5 are process sectional views illustrating the
method for manufacturing a semiconductor memory device
according to the embodiment.

First, as shown in FIG. 4, a silicon substrate 10 is prepared.
Then, on the entire surface ofthe silicon substrate 10, a tunnel
insulating film 16, a silicon film 17, and a metal silicide film
18 are formed in this order. Next, on the metal silicide film 18,
a hafnium oxide film 19 is formed. At this time, with the
deposition of hafnium oxide, the upper part of the metal
silicide film 18 is oxidized into an oxidized portion 18a. Then,
on the hafnium oxide film 19, a hard mask 50 made of e.g.
silicon nitride is formed. The hard mask 50 is formed in a
line-and-space shape extending in the AA-direction.

Next, as shown in FIG. 5, the hard mask 50 is used as a
mask to perform anisotropic etching such as RIE (reactive ion
etching). Thus, the hafnhium oxide film 19, the metal silicide
film 18, the silicon film 17, and the tunnel insulating film 16
are selectively removed to form a plurality of intermediate
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stacked bodies 51 shaped like lines extending in the AA-
direction. Simultaneously, the upper part of the silicon sub-
strate 10 is selectively removed to form a trench 11 directly
below the region between the intermediate stacked bodies 51.

Next, an oxygen-containing insulating material is depos-
ited on the entire surface. For instance, silicon oxide is depos-
ited by CVD (chemical vapor deposition) technique with
TEOS (tetraethoxysilane, Si(OC,H),) and ozone (O;) used
as a raw material. At this time, the side surface of the silicon
film 17 and the metal silicide film 18 exposed at the side
surface of the intermediate stacked body 51 is oxidized. Thus,
an oxidized portion 17a is formed in the side part of the
silicon film 17 facing in the CG-direction. Simultaneously, an
oxidized portion 18a is formed in the side part of the metal
silicide film 18 facing in the CG-direction. Here, when the
side part of the silicon film 17 and the side part of the metal
silicide film 18 are oxidized, the volume is increased. Thus,
the oxidized portion 17a and 18a protrude outside from the
side surface of the intermediate stacked body 51.

Then, etch-back is performed to remove the upper part of
silicon oxide. Thus, a device isolation insulator 12 is formed
in the trench 11 and between the intermediate stacked bodies
51. At this time, the portion of the silicon substrate 10 parti-
tioned by the device isolation insulator 12 constitutes an
active area 15. Then, the hard mask 50 is removed.

Next, as shown in FIG. 1, on the entire surface, a silicon
oxide film 21, a hatnium oxide film 22, and a control gate
electrode 23 are formed in this order. The control gate elec-
trode 23 is formed from e.g. tungsten.

Next, as shown in FIG. 2, a hard mask (not shown) is
formed in a line-and-space shape extending in the CG-direc-
tion. Next, this hard mask is used as a mask to perform
anisotropic etching such as RIE. Thus, the intermediate
stacked body 51 and the upper part of the device isolation
insulator 12 are selectively removed to form a plurality of gate
stacked bodies 20 shaped like lines extending in the CG-
direction.

Next, an oxygen-containing insulating material is depos-
ited on the entire surface. For instance, silicon oxide is depos-
ited by coating technique with polysilazane used as a raw
material. Thus, an interlayer insulating film 30 is formed
between and above the gate stacked bodies 20. At this time,
the side surface of the silicon film 17 and the metal silicide
film 18 exposed at the side surface of the gate stacked body 20
is oxidized. Thus, an oxidized portion 17a is formed in the
side part of the silicon film 17 facing in the AA-direction.
Simultaneously, an oxidized portion 18a is formed in the side
part of the metal silicide film 18 facing in the AA-direction.
Due to volume expansion associated with oxidation, the oxi-
dized portions 17a and 18a protrude outside from the side
surface of the gate stacked body 20.

Next, heat treatment is performed in an oxidizing atmo-
sphere to modify silicon oxide forming the device isolation
insulator 12 and the interlayer insulating film 30. At this time,
the side part of the metal silicide film 18 is covered with the
oxidized portion 18a. This suppresses oxidation of the metal
silicide film 18.

Next, the upper surface of the interlayer insulating film 30
is planarized by e.g. CMP (chemical mechanical polishing).
Then, an upper wiring and the like (not shown) are formed.
Thus, the semiconductor memory device 1 is manufactured.

Next, the effect of the embodiment is described.

FIGS. 6A to 6D are band gap diagrams illustrating the
effect of the embodiment. FIGS. 6A and 6B show a semicon-
ductor memory device according to a comparative example
not provided with the metal silicide film 18. FIGS. 6C and 6D
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show the semiconductor memory device according to the
embodiment provided with the metal silicide film 18.

In the semiconductor memory device 1 according to the
embodiment, a write voltage is applied between the control
gate electrode 23 as a positive electrode and the active area 15
as a negative electrode. Thus, electrons are injected from the
active area 15 through the tunnel insulating film 16 into the
silicon film 17 and the metal silicide film 18. Accordingly,
charge is accumulated in the floating gate electrode made of
the silicon film 17 and the metal silicide film 18. This changes
the threshold of the memory transistor formed for each near-
est portion between the active area 15 and the control gate
electrode 23. Thus, this memory transistor can be written with
a value.

Here, as shown in FIGS. 6 A and 6B, in the device accord-
ing to the comparative example lacking the metal silicide film
18, when the write voltage is applied, a depletion layer 55 is
formed in the portion on the hafnium oxide film 19 side of the
floating gate electrode, i.e., the silicon film 17. This decreases
coupling to the control gate electrode 23. Furthermore, when
the write voltage is not applied, the energy difference between
the silicon film 17 and the IPD film is small. This results in
poor charge retention characteristics.

In contrast, as shown in FIGS. 6C and 6D, in the device
according to the embodiment having the metal silicide film
18, the metal silicide film 18 functions as a metal gate. Thus,
the application of write voltage produces no depletion layer.
This improves writing characteristics. Furthermore, when the
write voltage is not applied, the energy difference between the
metal silicide film 18 and the IPD film is large. This results in
good charge retention characteristics.

Furthermore, in the embodiment, the metal silicide film 18
is formed from metal silicide. Thus, in the process of manu-
facturing the device 1, in the step in which the metal silicide
film 18 is exposed to an oxidizing atmosphere such as the step
of forming the device isolation insulator 12 and the step of
forming the interlayer insulating film 30, the oxidized portion
18a made of silicon oxide is formed as a robust coating. This
can suppress further oxidation of the metal silicide film 18 in
e.g. these formation steps and the subsequent heat treatment
step for modifying silicon oxide. Thus, the metal silicide
portion 185 can be left stably.

In contrast, if, for instance, a metal film made of a metal
such as tungsten is provided instead of the metal silicide film
18, then the metal film is oxidized into insulator in the afore-
mentioned oxidizing atmosphere step.

Here, after forming the interlayer insulating film 30, in the
heat treatment in the oxidizing atmosphere performed for film
modification, both an oxidizing gas and a reducing gas may
be contained in the atmosphere. This can selectively oxidize
silicon contained in the silicon film 17 and the metal silicide
film 18 while suppressing oxidation of the metal, such as
tungsten, contained in the metal silicide film 18 and the con-
trol gate electrode 23. As a result, while suppressing oxida-
tion of the control gate electrode 23, the oxidized portion 18a
of the metal silicide film 18 can be formed more robustly.
Thus, the metal silicide portion 185 therein can be protected
more reliably. As the oxidizing gas, for instance, water vapor
(H,O) can be used. As the reducing gas, for instance, hydro-
gen (H,) can be used.

Furthermore, nitrogen may be contained in the metal sili-
cide film 18. In this case, the metal silicide film 18 is formed
from metal silicide nitride such as WSIN and TaSiN. By
containing nitrogen in the metal silicide film 18, the oxidation
reaction can be further suppressed.
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Second Embodiment

Next, a second embodiment is described.

FIG. 7 is a sectional view illustrating a semiconductor
memory device according to the embodiment.

As shown in FIG. 7, the semiconductor memory device 2
according to the embodiment is different from the semicon-
ductor memory device 1 (see FIG. 1) according to the above
first embodiment in that a silicon oxide film 41 made of
silicon oxide is provided between the silicon film 17 and the
metal silicide film 18. In this case, an oxidized portion 174 is
formed also in the upper part of the silicon film 17, and an
oxidized portion 18a is formed also in the lower part of the
metal silicide film 18.

The configuration, manufacturing method, and effect of
the embodiment other than the foregoing are similar to those
of the above first embodiment.

Third Embodiment

Next, a third embodiment is described.

FIG. 8 is a sectional view illustrating a semiconductor
memory device according to the embodiment.

As shown in FIG. 8, the semiconductor memory device 3
according to the embodiment is different from the semicon-
ductor memory device 1 (see FIG. 1) according to the above
first embodiment in that a charge trap film 42 is provided
between the metal silicide film 18 and the hafnium oxide film
19. The charge trap film 42 is formed from a material capable
of'accumulating charge. For instance, the charge trap film 42
is formed from silicon nitride (SiN). This can improve the
charge retention characteristics of the floating gate electrode,
and further enhance the data retention characteristics of the
memory transistor.

The configuration, manufacturing method, and effect of
the embodiment other than the foregoing are similar to those
of the above first embodiment.

Fourth Embodiment

Next, a fourth embodiment is described.

FIG. 9 is a sectional view parallel to the CG-direction
illustrating a semiconductor memory device according to the
embodiment.

FIG. 10 is a sectional view parallel to the AA-direction
illustrating the semiconductor memory device according to
the embodiment.

As shown in FIGS. 9 and 10, the semiconductor memory
device 4 according to the embodiment is different from the
semiconductor memory device 1 (see FIGS. 1 and 2) accord-
ing to the above first embodiment in that an air gap 45 is
formed between the memory cells, that a sidewall 46 is pro-
vided on the side surface of the gate stacked body 20, and that
a hard mask 47 is left on the gate stacked body 20.

More specifically, in the gate stacked body 20, a hard mask
47 made of e.g. silicon nitride (SiN) is provided on the control
gate electrode 23. A sidewall 46 is provided on the side
surface facing in the A A-direction of the gate stacked body 20
including the hard mask 47. Furthermore, a sidewall 46 is
provided also on the side surface facing in the CG-direction of
the lower stacked body 13. The sidewall 46 is made of e.g.
silicon oxide and has a thickness of e.g. 2 nm.

Furthermore, in the AA-direction, the interlayer insulating
film 30 is not substantially inserted between the gate stacked
bodies 20, but an air gap 45 is formed therebetween. Further-
more, in the CG-direction, the device isolation insulator 12 is
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not substantially provided between the lower stacked bodies
13, but an air gap 45 is formed therebetween.

Next, a method for manufacturing the semiconductor
memory device 4 according to the embodiment is described.

First, as in the above first embodiment, the steps shown in
FIGS. 4 and 5 are performed. However, the upper surface of
the device isolation insulator 12 is set back to a position
comparable to the tunnel insulating film 16.

Next, as shown in FIGS. 9 and 10, on the entire surface, a
silicon oxide film 21, a hafnium oxide film 22, and a control
gate electrode 23 are formed in this order. Next, on the control
gate electrode 23, a hard mask 47 is formed in a line-and-
space shape extending in the CG-direction. Next, the hard
mask 47 is used as a mask to perform anisotropic etching.
Thus, a plurality of gate stacked bodies 20 shaped like lines
extending in the CG-direction are formed. At this time, the
hard mask 47 is left.

Next, on the side surface of the gate stacked body 20, a
sidewall 46 made of e.g. silicon oxide and having a thickness
of approximately 2 nm is formed. The sidewall 46 is formed
also on the side surface of the lower stacked body 13 facing in
the CG-direction. Next, heat treatment is performed in a
mixed atmosphere containing hydrogen and water vapor.
Thus, silicon contained in the silicon film 17 and the metal
silicide film 18 is oxidized through the sidewall 46. At this
time, hydrogen as a reducing gas and water vapor as an
oxidizing gas are used in mixture. Accordingly, compared
with the metal contained in the metal silicide film 18, silicon
is preferentially oxidized. Thus, an oxidized portion 17a is
formed in the side part of the silicon film 17, and an oxidized
portion 18a is formed in the side part of the metal silicide film
18.

Next, for instance, by depositing silicon oxide under a
condition with poor coverage, an interlayer insulating film 30
is formed above the gate stacked bodies 20. At this time,
before the interlayer insulating film 30 is substantially
inserted into the interstice between the gate stacked bodies 20
and between the lower stacked bodies 13, the interlayer insu-
lating film 30 seals the upper part of this interstice. Thus, an
air gap 45 is formed in this interstice. Next, the upper surface
of the interlayer insulating film 30 is planarized. Then, an
upper wiring and the like (not shown) are formed. Thus, the
semiconductor memory device 4 is manufactured.

According to the embodiment, an air gap 45 is formed
between the gate stacked bodies 20. Thus, the interwiring
capacitance between the gate stacked bodies 20 can be
reduced.

The configuration, manufacturing method, and effect of
the embodiment other than the foregoing are similar to those
of the above first embodiment.

The embodiments described above can realize a semicon-
ductor memory device with good data retention characteris-
tics and a method for manufacturing the same.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such forms
or modifications as would fall within the scope and spirit of
the invention. Additionally, the embodiments described
above can be combined mutually.
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What is claimed is:

1. A semiconductor memory device comprising:

a semiconductor substrate;

a first insulating film provided on the semiconductor sub-
strate;

a floating gate comprising,

a silicon film provided on the first insulating film, and

a metal silicide film provided on the silicon film, the metal
silicide film including,

an oxidized portion made of silicon oxide and having an
inverted cup shape, and

a metal silicide portion made of metal silicide being
located inside the oxidized portion, said metal silicide
portion having side surfaces circumferentially sur-
rounded by the oxidized portion and a top surface cov-
ered by the oxidized portion;

a second insulating film provided on the metal silicide film;
and

a control gate electrode provided on the second insulating
film.

2. The device according to claim 1, further comprising:

a silicon oxide film located between the silicon film and the
metal silicide film.

3. The device according to claim 1, wherein the metal

silicide film contains nitrogen.

4. The device according to claim 1, further comprising:

a third insulating film provided on the second insulating
film.

5. The device according to claim 1, wherein the metal

silicide film contains tungsten or tantalum.

6. A semiconductor memory device comprising:

a semiconductor substrate;

a device isolation insulator extending in a first direction
and partitioning an upper part of the semiconductor sub-
strate into a plurality of portions;

a first insulating film provided on the semiconductor sub-
strate;

plural floating gates comprising,

a silicon film provided on the first insulating film and
divided along the first direction, and

a metal silicide film provided on the silicon film, the metal
silicide film including,

an oxidized portion made of silicon oxide and having an
inverted cup shape, and

a metal silicide portion made of metal silicide being
located inside the oxidized portion, said metal silicide
portion having side surfaces circumferentially sur-
rounded by the oxidized portion and a top surface cov-
ered by the oxidized portion;

a second insulating film provided on the metal silicide film;
and

a control gate electrode provided on the second insulating
film and the device isolation insulator and extending in a
second direction crossing the first direction.

7. The device according to claim 6, further comprising:

a sidewall provided on a side surface of a stacked body
including the first insulating film, the silicon film, the
metal silicide film, the second insulating film, and the
electrode; and

an interlayer insulating film provided above the stacked
body,

wherein the stacked body is provided in a plurality, and an
air gap is formed between the sidewalls.
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